Two activities involved in terminal pathway conversion of sterigmatocystin to aflatoxin B1 were isolated from an aflatoxin-nonproducing mutant of Aspergillus parasiticus (avn-1), and the time course of appearance of the activities in culture was determined. Subcellular fractionation of fungal mycelia resolved the two activities into a postmicrosomal activity which catalyzed conversion of sterigmatocystin to O-methylsterigmatocystin and a microsomal activity which converted O-methylsterigmatocystin to aflatoxin B1. The two activities were absent in 24-h-old cells, increased to optimum levels during the stationary phase, and then declined.
Early elucidation of the mechanisms of alfatoxin biosynthesis centered on establishment of intermediates in the pathway (23) . The identities and sequence of production of several intermediates were determined by feeding radiolabeled precursors to resting mycelium of wild-type Aspergillus parasiticus isolates or pathway-blocked mutants (21) . Regulation of the pathway involves complex controls which are strongly influenced by specific cellular events in the growth cycle (6-10, 15-17, 19) .
Preliminary studies demonstrated that cell-free preparations of A. parasiticus or Aspergillus flavus could catalyze conversion of certain pathway intermediates to aflatoxin B1 (AFB1) (2, 3, 11, 14, 18, 20, 24, 25) . Both intact cells (13) and cell extracts (14, 20) of A. parasiticus catalyzed conversion of sterigmatocystin (ST) to AFB1. A recent study using intact cells placed O-methylsterigmatocystin (OMST) between ST and AFB1 (5), as shown in Fig. 1 Cell extracts were prepared by grinding chilled mycelia (1.5 g), from the same cultures used for intact-cell assays, with sea sand in a mortar and pestle in 2.5 ml of extraction buffer containing 1 mM phenylmethylsulfonyl fluoride (Sigma Chemical Co., St. Louis, Mo.). The macerate was filtered through Miracloth and centrifuged (at 4°C) in a J2-21 centrifuge with a JA 20 rotor (Beckman Instruments, Inc., Fullerton, Calif.), first at 5,000 x g (pellet discarded) for 10 min and then at 20,000 x g for 15 min. The 20,000 x g supernatant was further fractionated by centrifugation at 105,000 x g for 90 min with an RC70 ultracentrifuge with a T875 rotor (Du Pont Co., Wilmington, Del.). The 105,000 x g supernatant was carefully removed, and the pellets were suspended in an equal volume (equal to that of the supernatant) of 0.1 M sodium phosphate, pH 7.5, containing 10% (vol/vol) glycerol. For enzyme assays, 1 ml of the 20,000 x g supernatant (cell-free fraction), the 105,000 x g supernatants (postmicrosomal fraction), or the 105,000 x g pellet (microsomal fraction) was added to 2.5 ml of assay buffer (2.15 ml of 0.1 M sodium phosphate, pH 7.5, and 0.35 ml of glycerol) containing 0. Cell extracts (supernatants after centrifugation at 20,000 x g) of 72-h-old mycelia converted ST to two major compounds that were identified and verified by TLC as OMST and AFBI. Relatively large amounts of residual substrate (ST) from both intact-cell and cell-free assays were visually apparent as yellow fluorescent bands after spraying of TLC plates with aluminum chloride.
Enzymatic activities producing OMST and AFB1 from ST were completely resolved by centrifugation into microsomal and postmicrosomal fractions. Postmicrosomal fractions catalyzed ST-to-OMST conversion, and microsomal fractions contained an activity converting OMST to AFB1 (Fig. 2) .
Both activities were absent in 24-h-old cells, reached optimum levels during the early stationary growth phase of the cultures, and then declined. The microsomal fractionmediated OMST-to-AFB1 conversion demonstrated an absolute requirement for NADPH at all time periods tested.
The enzyme activities described in the present investigation contain both methyltransferase (catalyzing ST-to-OMST conversion) and oxidoreductase (catalyzing OMSTto-AFB, conversion) components, which are involved in terminal pathway conversion of ST to AFB1 (Fig. 1) . A previous investigation (14) demonstrated that the ST-to-OMST enzymatic reaction is stimulated in the presence of S-adenosylmethionine, indicating methyltransferase activity. The absolute requirement of NADPH for OMST-to-AFB1 conversion observed in the present study strongly indicates oxidoreductase activity. Both activities are regulated by events occurring during late-stage mycelial growth in A. parasiticus cultures (Fig. 2) , as are enzymes catalyzing production of other secondary metabolites (17) . The regulatory mechanism is not eliminated by a genetic block early in the aflatoxin biosynthetic pathway. This is the first report on the time sequence of the appearance and disappearance of specific enzyme activities involved in aflatoxin synthesis by developing A. parasiticus cells.
The A. parasiticus mutant used in this study accumulates averantin, an early intermediate in the pathway, but essentially none of the subsequent pathway intermediates. This suggests that intermediates after averantin do not have a major role in the induction of activities catalyzing ST-to-AFB1 conversion in the final stages of the pathway. The decrease in activities observed in older cultures may reflect cessation of synthesis and subsequent decay of enzyme proteins, possibly by proteases (17) . The possibility that feedback inhibition by enzyme products (17) past averantin in the pathway contributes to the observed decline in activities probably can be excluded since the mutant used in this investigation is blocked at two steps (averantin to averufin and versicolorin A to ST) (4) .
The period between 48 and 72 h of fungal growth in this study included the transitional phase leading into the stationary growth phase (Fig. 2) , during which AFB1 begins to accumulate in a native A. parasiticus isolate (8) . In a previous investigation, addition of cycloheximide before this transition period stopped AFB1 synthesis; addition after this period resulted in continued AFB1 synthesis (8) investigation (12) , with a wild-type fungal isolate and culture conditions very closely approximating those of this study, AFBI accumulation at high levels began after 48 h. These results correlate well with the times of maximal increases in ST-to-OMST and OMST-to-AFB1 conversion activities in this study.
